Abstract -This paper analyzed the power loss of transformers considering the magnetic component.
Introduction
SMPS (switch mode power supply) is used in the application of industrial control systems, namely OA, FA, robotics, Information machines, and LCD backlights. How it is designed is very important, particularly in the case of transformer design considering power loss at magnetic components. The transformer in this case is the flyback transformer that is able to store energy using a turn off switch. The purpose of this is to transfer power efficiently and instantaneously from an external electrical source to an external load [1] [2] [3] .
Magnetic components are one of the important components in power electric circuits. The design stage of these components should be carried out not only taking into account the electrical specification of the circuit, but also the influence of the geometrical parameters as well as the material properties of all the parts that form the magnetic components.
The usual procedure to design magnetic components allows us to obtain some of their parameters. However there are other very important parameters that are not included in that procedure due to the difficulty to quantify their influence on the magnetic components. The design method proposed in this paper is based on the use of a model that accounts for geometry and frequency effects using the FEA tool. The performance of the final component can be clearly improved by using the right winding strategy and materials for a given electrical specification [4] [5] [6] .
This paper analyzes the effect of winding strategy and air-gap variation of the flyback transformer. Therefore, from those power losses, parameters for resistance, leakage inductance and temperature can be acquired. Here, this construction is applied to the core transformer of EI 28 type of the TDK corp. 
Flybak Transformer

Power Loss
Transformer losses can be put into three major categories: core hysteresis losses, core eddy current losses, and winding losses. Transformer loss is sometimes limited directly by the need to achieve the required overall power supply efficiency. More often, transformer losses are limited by a maximum "hot spot" temperature rise at the core surface within the center of the windings. The winding loss worst case is always at low V in , full load.
The analysis procedure is based on the use of the Maxwell Equation, shown below as (1) and (2). (1) (2) Here,
DC resistance and AC resistance are represented as the following Equations (3) and (4).
DC resistance is constant to frequency, and AC resistance is high variable to frequency.
The power losses of the winding are shown as follows in Eqs. (5), (6), (7).
The power loss of the core is indicated as follows in Eq. (8).
Here, C P : core loss, ls P : power loss, 1 K : 0.32,
Total power losses are shown as follows in Eq. (9).
Fixed frequency operation, volts-seconds and therefore flux swing are constant. Hysteresis loss is therefore constant, regardless of changes in V in or load current. Core eddy current loss is proportional to V in. Worst case is at high voltage V in. Winding loss is always greatest at low V in. Fig. 3 is for self-capacitance and mutual capacitance of equivalency with analysis models. Fig. 3 . Self-capacitance and mutual capacitance of EI28 models
( e ) ( f ) Fig. 4 . Winding strategy of EI type core Winding type Fig. 6 . Power loss to winding types Fig. 5 shows winding loss, core loss, and total loss for the winding constructor of Fig. 4 . Here number 6 is largest at total loss, because the gap and turns are big, and the diameter is small. Number 1 is lowest at total loss, because gap and turns are small, and diameter is large. 
Conclusions
Transformer design at the SMPS is very important to considering loss. For this, it is required to obtain the parameters for loss considering winding strategy. This paper analyzed power loss according to the winding strategy of the flyback transformer. Here, the simulation tool used was PExprt.
From the above analysis result considering parameters, namely winding diameter, gap, turns, resistance, temperature, leakage inductance etc., the EI28 type of number "1" shows the smallest power loss.
